The cytoplasmic peptide:N-glycanase (PNGase; Ngly1 in mice) is a deglycosylating enzyme involved in the endoplasmic reticulum (ER)-associated degradation (ERAD) process. The precise role of Ngly1 in the ERAD process, however, remains unclear in mammals. The findings reported herein, using mouse embryonic fibroblast (MEF) cells, that the ablation of Ngly1 causes dysregulation of the ERAD process. Interestingly, not only delayed degradation but also the deglycosylation of a misfolded glycoprotein was observed in Ngly1 −/− MEF cells. The unconventional deglycosylation reaction was found to be catalyzed by the cytosolic endo-β-N-acetylglucosaminidase (ENGase), generating aggregation-prone N-GlcNAc proteins. The ERAD dysregulation in cells lacking Ngly1 was restored by the additional knockout of ENGase gene. Thus, our study underscores the functional importance of Ngly1 in the ERAD process and provides a potential mechanism underlying the phenotypic consequences of a newly emerging genetic disorder caused by mutation of the human NGLY1 gene.
The cytoplasmic peptide:N-glycanase (PNGase; Ngly1 in mice) is a deglycosylating enzyme involved in the endoplasmic reticulum (ER)-associated degradation (ERAD) process. The precise role of Ngly1 in the ERAD process, however, remains unclear in mammals.
The findings reported herein, using mouse embryonic fibroblast (MEF) cells, that the ablation of Ngly1 causes dysregulation of the ERAD process. Interestingly, not only delayed degradation but also the deglycosylation of a misfolded glycoprotein was observed in Ngly1 −/− MEF cells. The unconventional deglycosylation reaction was found to be catalyzed by the cytosolic endo-β-N-acetylglucosaminidase (ENGase), generating aggregation-prone N-GlcNAc proteins. The ERAD dysregulation in cells lacking Ngly1 was restored by the additional knockout of ENGase gene. Thus, our study underscores the functional importance of Ngly1 in the ERAD process and provides a potential mechanism underlying the phenotypic consequences of a newly emerging genetic disorder caused by mutation of the human NGLY1 gene.
PNGase (Ngly1) | ENGase | protein aggregates | glycoprotein | ERAD E ndoplasmic reticulum (ER)-associated degradation (ERAD) constitutes one of the quality control mechanisms for newly synthesized proteins in the ER. The ERAD process involves a series of events, including aberrant domain recognition, ubiquitination, translocation from the ER to the cytosol, and degradation by proteasomes. Numerous lines of evidence point to the existence of an ERAD system dedicated to N-linked glycoproteins; in this system, specific N-glycan structures dictate the folding status of client glycoproteins (1, 2) . Once glycoproteins in the ER lumen are targeted for degradation, they are retrotranslocated into the cytosol, where the 26S proteasome plays a central role in their degradation (3) . During the degradation process, N-glycans are removed by the action of the cytoplasmic peptide:N-glycanase (PNGase) (4) (5) (6) .
Activity of the cytoplasmic PNGase was first described in mammalian cells (7, 8) , and the gene encoding cytoplasmic PNGase (PNG1 in yeast; Ngly1/NGLY1 in mice/human) is widely distributed throughout eukaryotes (9) . The functional importance of cytoplasmic PNGase in the ERAD process is evident in yeast (10) (11) (12) (13) . On the other hand, the suppression of Ngly1 gene expression by siRNA in mammalian cells resulted in a reduced deglycosylation of T-cell receptor α subunit (TCRα) or MHC class I heavy chain, whereas no significant delay in their degradation was observed (14, 15) . Moreover, Z-VAD-fmk, a pan-caspase inhibitor, was shown to inhibit cytoplasmic PNGase activity in vivo, but it did not impede the degradation of MHC class I heavy chain (16) . Consequently, the functional importance of the cytoplasmic PNGase remains elusive in mammalian cells.
PNGase-mediated deglycosylation generates free oligosaccharides in the cytosol (17) . Recent evidence suggests that a nonlysosomal degradation pathway exists for these cytosolic free glycans (17) .
This degradation process involves cytosolic endo-β-N-acetylglucosaminidase (ENGase) (18, 19) . Although the ENGase is believed to be involved in the catabolism of cytosolic free oligosaccharides, recent evidence shows that it can deglycosylate glycoproteins in vivo to generate N-GlcNAc-bearing proteins in Arabidopsis thaliana (20) , raising the possibility that this enzyme may also act as a deglycosylation enzyme for misfolded glycoproteins in the cytosol (21, 22) (Fig. 1A) .
Recently, patients harboring mutations on the NGLY1 gene, an ortholog of the cytoplasmic PNGase in mammalian cells (23) , have been described (24, 25) . Although this observation emphasizes the functional importance of this protein in mammalian cells, mechanistic insight into the phenotypic consequences of these patients remains unclarified. In this study, we established an ERAD model substrate, RTAΔm, and demonstrated that the delay in its degradation was evident in Ngly1 −/− mouse embryonic fibroblast (MEF) cells. Interestingly, the delay was canceled by additional gene knockout of ENGase. The degradation of RTAΔm in doubleknockout cells remains proteasome-dependent, clearly indicating that the presence of an N-glycan on RTAΔm did not affect the efficiency of proteasomal degradation. Moreover, the occurrence of N-GlcNAc-modified RTAΔm in Ngly1 −/− MEF cells was identified by MS analysis, demonstrating that the ENGase-mediated
Significance
In the endoplasmic reticulum (ER), N-glycans on glycoproteins play important roles in dictating the folding status of proteins by a sophisticated N-glycan-dependent protein quality control machinery. In this study we identified the dysregulation of ERassociated degradation (ERAD) in cells that were defective in the cytosolic deglycosylating enzyme, Ngly1. ERAD dysregulation was caused by an unexpected deglycosylating activity of endo-β-N-acetylglucosaminidase, another cytosolic deglycosylation enzyme, and this action resulted in the intracellular formation of protein aggregates. Our results clearly point to the critical role of N-glycans even in cytosolic events of the ERAD process by controlling the conformation/solubility of proteins. This study may also provide a potential mechanism for explaining the pathology of a human genetic disorder caused by mutations in the NGLY1 gene.
deglycosylation of an ERAD substrate can indeed occur in vivo. Interestingly, the N-GlcNAc protein was shown to form stable, mild detergent-insoluble protein aggregates. We propose the critical function of N-glycans, maintaining the conformation/solubility of the cognate proteins destined for proteasomal degradation in the cytosol. In addition, our results provide not only insight into the pathology of NGLY1 deficiency, a newly found human genetic disorder, but also a therapeutic strategy for the disease by inhibiting ENGase activity.
Results
Establishment of RTAΔm as an Ngly1-Dependent Model Glycoprotein ERAD Substrate in Mammalian Cells. To provide insight into the functional significance of Ngly1 in the glycoprotein ERAD processes in mammalian cells, we aimed to establish a model ERAD substrate that could be degraded in an Ngly1-dependent fashion. Because we have previously established the ricin A chain nontoxic mutant (RTAΔ) as the first Png1 (yeast PNGase)-dependent ERAD substrate in yeast (10, 11) , we examined whether this protein could also be degraded by a similar mechanism in MEF cells. To target RTAΔ to the N-glycosylation pathway, an ER-targeting signal peptide and an ER retention signal was introduced to the N and C terminus of RTAΔ, respectively (Fig. S1A) . RTAΔ has two potential N-glycosylation sites at N10 and N236 (Fig. S1A) , with the N10 site almost exclusively occupied by N-glycan in yeast (10) . To avoid any potential deglycosylation by Ngly1 or ENGase, RTAΔ was expressed in Ngly1 −/− Engase −/− double knockout (DKO) MEF cells and was analyzed by Western blotting. As shown in Fig.  S1B , three bands corresponding to diglycosylated (g2), monoglycosylated (g1), and nonglycosylated (g0) RTAΔ were detected. To clarify which of the potential glycosylation sites were used, mutants for each N-glycosylation site were generated (N10Q and N236Q mutant; Fig. S1A ). As shown in Fig. S1B , essentially no N-glycosylation was observed for the N10Q mutant, whereas N236Q is expressed mainly as a monoglycosylated form. As expected, N10Q/N236Q mutation resulted in the absence of glycosylated forms (Fig. S1B) . These results clearly suggest that N10 of RTAΔ is the main N-glycosylation site in mammalian cells, which is consistent with the case in yeast. For the following experiments, we used the monoglycosylatable RTAΔN236Q mutant (RTAΔm) to simplify the N-glycosylation pattern.
When protein translation was inhibited for 3 h by a cycloheximide treatment, the amount of RTAΔm in WT MEF cells was clearly decreased (Fig. 1B, lanes 1 and 2) . Moreover, the degradation of RTAΔm was inhibited by addition of MG-132, a proteasome inhibitor ( , and DKO mice and carried out Western blotting analysis to compare the relative ratios of the g0/g1 forms of RTAΔm. In DKO MEF cells only ∼10% of RTAΔm was detected as a g0 form ( Fig. 2A, lane 4) . Because DKO MEF cells do not have deglycosylating enzymes in the cytoplasm, the g0 form RTAΔm observed in DKO MEF cells must represent the nonglycosylated form. Interestingly, when RTAΔm was expressed in Ngly1 −/− MEF cells, the proportion of the g0 form (Fig. 2B , column 3, 35% ± 9%) was significantly higher than in DKO MEF cells (Fig. 2B , column 4, 10% ± 3%). Furthermore, we noted that the g0 proportion in Ngly1 −/− MEF cells was comparable to that in WT (Fig. 2B , column 1, 26% ± 10%) and Engase −/− (Fig. 2B , column 2, 29% ± 10%) MEF cells. These data strongly suggest that the deglycosylation of RTAΔm can occur independently of Ngly1 activity ( Fig. 2A ; quantitative data in Fig. 2B ).
To examine the stability of RTAΔm in MEF cells, RTAΔm was expressed in MEF cells and a cycloheximide-decay experiment was carried out. Our results clearly showed that RTAΔm in Ngly1 −/− MEF cells was significantly stabilized (t 1/2 >3 h) compared with WT (t 1/2 = 1.4 ± 0.7 h), Engase −/− (t 1/2 = 1.0 ± 0.2 h), or DKO MEF cells (t 1/2 = 1.4 ± 0.5 h) ( Fig. 2 C and D) . The cytoplasmic PNGase-dependent ERAD of RTA-derived protein was consistent with observations in Saccharomyces cerevisiae (10, 11) . However, it was noted that the g0 form of RTAΔm was substantially accumulated in Ngly1 −/− MEF cells, which is in sharp contrast to S. cerevisiae png1Δ cells, where the g1 form of RTAΔ is predominantly accumulated (10, 11) . Although the degradation of RTAΔm in DKO MEF cells was as efficient as in WT MEF cells, its degradation remains proteasome dependent (Fig. 2E) . Moreover, inhibiting lysosomal degradation did not cause a delay in the degradation of RTAΔm (Fig. S2 A and B) . These results suggest that the presence of N-glycans on RTAΔm did not result in impairment in its proteasomal degradation.
In sharp contrast to the case with RTAΔm, nonglycosylated RTAΔm, which is also stabilized by MG-132 treatment and therefore can be regarded as another ERAD/proteasome substrate, was shown to be degraded in Ngly1 −/− MEF cells as efficiently as in WT MEF cells (Fig. S2 C and D) . This result indicates that the proteasome activity itself is not likely to be impaired in Ngly1 −/− MEF cells. Possible secondary effects due to a defect of Ngly1 to influence the experimental results, however, cannot be excluded at this point.
ENGase Generates N-GlcNAc-Modified RTAΔm, Which Forms Radioimmunoprecipitation Assay Buffer-Insoluble Aggregates in MEF Cells Lacking Ngly1. Because S. cerevisiae does not contain cytoplasmic ENGase (18, 33, 34) , we assume that in Ngly1 −/− MEF cells cytoplasmic ENGase generates the g0 form of RTAΔm and that the remaining GlcNAc modification on RTAΔm results in its stability. To evaluate whether cytoplasmic ENGase is directly involved in deglycosylation, we coexpressed ENGase and RTAΔm in DKO MEF cells. As shown in Fig. 3A , the amount of the g0 form of RTAΔm was significantly higher in DKO MEF cells expressing ENGase, compared with control (GFP-expression; Fig. 3A, compare lanes 1 and 2) . Interestingly, the major fractions containing g0 RTAΔm formed by ENGase expression were not solubilized in mild detergent [radioimmunoprecipitation assay (RIPA) buffer], indicating the formation of a RIPA-insoluble aggregate (Fig. 3A, lane 6) . In sharp contrast, the majority of the g1 form was observed in the RIPA soluble fraction (Fig. 3A, lanes 3  and 4) . These results support our contention that ENGase is involved in the deglycosylation of RTAΔm and can generate an aggregation-prone g0 form of RTAΔm.
To further confirm the reaction product of ENGase, we characterized N-GlcNAc-modified RTAΔm using mass spectrometry.
Ngly1
−/− MEF cells stably expressing RTAΔm were treated with MG-132 for 3 h to maximize the yield of RTAΔm. Proteins were solubilized in SDS/PAGE sample buffer, and RTAΔm was immunopurified from the lysate. As shown in Fig. 3B , both the g0 and g1 forms of RTAΔm were identified, and the position of g0 on SDS/PAGE was identical to the authentic Endo H-treated sample (lane 2). The g0 band of the untreated sample (lane 1) was subjected to nanoflow liquid chromatographyelectrospray ionization mass spectrometry. It was found that the peptide fragment corresponding to the N-GlcNAc-modified tryptic peptide (QYPIINFTTAGATVQSYTNFIR + HexNAc; Fig. S3A shows the complete RTAΔm sequence) was detected at approximately 25.3 min in both the g0 band of the sample and the Endo H-treated authentic GlcNAc-RTAΔm sample (Fig.  S3B, Upper) . The exact distribution pattern of isotopic ions for the peptide (Fig. S3B, Upper) was also very similar to the control ( Fig. S3B; Lower) . Furthermore, the parent ion equivalent to the N-GlcNAc peptide was subjected to MS/MS analysis, and attachment of a HexNAc residue on the N10 residue was confirmed (Fig. 3C) . Taken together, we can safely conclude that formation of N-GlcNAc-modified RTAΔm by the action of ENGase can be, at least to some extent, attributed to the occurrence of the g0 form of RTAΔm in Ngly1 −/− MEF cells.
Reactivity of ENGase Toward Misfolded Glycoproteins Is Distinct
Among the Possible Substrates. It was noted that both g0 and g1 forms of RTAΔm were shown to be stabilized in Ngly1 −/− MEF cells (Fig. 2D) . No significant increase in the g0 form during the chase period, however, was observed for Ngly1 −/− MEF cells, even in the presence of MG-132, suggesting that ENGasemediated deglycosylation is not as efficient as Ngly1-mediated deglycosylation (Fig. S4 A and B) . In sharp contrast, an increase in the g0 form during the 3-h chase was evident upon MG-132 incubation in WT MEF cells (Fig. 2E and Fig. S4 A and B) .
To obtain deeper insights into the generality of the ENGasemediated deglycosylation of ERAD substrates, the deglycosylation status of other glycoprotein ERAD model substrates, such as the Fig. 2 A and B) . Deglycosylated bands were not observed for DKO MEF cells, clearly indicating that they were most likely formed by the action of Ngly1 and/or ENGase. Interestingly, a protein band corresponding to deglycosylated TCRα was observed for Engase −/− and WT MEF cells, whereas it was not observed for Ngly1 −/− MEF cells, suggesting that Ngly1 is the predominant deglycosylating enzyme for TCRα. On the other hand, the presence of deglycosylated NHK was clearly observed in Ngly1 −/− and WT MEF cells, whereas it was somewhat less obvious in Engase −/− MEF cells (Fig. S5B ). In the presence of MG-132, the ratio of deglycosylated/total proteins was found to be similar between WT, Ngly1
−/−
, and Engase −/− MEF cells, implying that both enzymes act on NHK with similar efficiency (Fig. S5C) . Collectively, these results imply that the susceptibility of misfolded glycoproteins toward cytoplasmic PNGase/ENGase is distinct among the possible substrates. , and Engase −/− MEF cells was found, significantly higher levels of Con A-stained bands were observed for the cytosolic fraction of DKO MEF cells (Fig. S6) . Most of the Con A-stained bands disappeared in the case of PNGase F-treated samples, suggesting that the Con A-positive signals are derived from N-glycoproteins. Collectively, these findings indicate that ENGasemediated deglycosylation may occur on ERAD substrates more frequently than originally thought.
Formation of RIPA-Insoluble RTAΔm Is More Pronounced in MEF Cells
Expressing ENGase. Although accumulation of the g0 form RTAΔm in the RIPA-insoluble fraction (RIF) was observed in ENGase-expressing DKO MEF cells, it was not certain whether this phenomenon is specifically caused by ENGase in cells lacking Ngly1. We therefore performed RIPA extraction of RTAΔm from the WT, Engase
−/− , and DKO MEF cell lines. As shown in Fig. 4A , the RIPA-insoluble g0 form was observed in Ngly1 −/− MEF cells, as well as in WT and Engase −/− MEF cells. However, the proportion of the g0 form of RTAΔm in RIF was significantly higher in Ngly1 −/− MEF cells (91% ± 7%) compared with other cells (Fig. 4B) . Moreover, the proportion in WT MEF cells (69% ± 5%) was also found to be significantly higher compared with Engase −/− MEF cells (29% ± 10%) (Fig. 4B) . These results strongly suggest that the formation of the RIPA-insoluble aggregate is more prominent in cells expressing cytoplasmic ENGase.
RIPA-Insoluble Aggregates Are Stabilized in Ngly1
−/− MEF Cells. Because RTAΔm is stabilized specifically in Ngly1 −/− MEF cells during cycloheximide-decay analysis (Fig. 2 C and D) , we speculated that in Ngly1 −/− MEF cells, the RIPA-insoluble RTAΔm aggregate is sequestered from proteasomal degradation. To address this issue, a cycloheximide-decay experiment of RTAΔm was performed using WT, Ngly1 or WT MEF cells. This result implies that deglycosylation by ENGase may change the soluble glycosylated RTAΔm into an aggregated g0 form. In contrast, we did not find an increase in the level of the RIPA-insoluble g0 form in WT or Engase −/− MEF cells ( Fig. 5 A and B) . These results indicate that the RIPA-insoluble g0 form of RTAΔm formed in Ngly1 −/− MEF cells is highly stable, whereas other g0 forms (i.e., nonglycosylated or PNGasedeglycosylated RTAΔm) did not seem to be stabilized.
Discussion
Since the identification of the gene encoding the cytoplasmic PNGase (9) , several reports have demonstrated that this enzyme is indeed involved in the glycoprotein ERAD process (10, 12-15, 26-33, 35) . More recently, the in vivo deglycosylation has been detected by a very sophisticated assay system, using a model ERAD substrate that exhibits fluorescence in a deglycosylationdependent manner (36) . It was also reported that the EDEM1 protein, a key component of the glycoprotein ERAD process, was stabilized upon the inhibition of cytosolic PNGase, implying that the EDEM1 may be the endogenous substrate for the PNGase (37) . No critical evidence, however, has been provided in terms of the biological significance of PNGase-mediated deglycosylation during the ERAD process in mammalian cells, because inhibition of PNGase activity did not cause the impairment of deglycosylation of EDEM1. In this study we show in mammalian cells that Ngly1 is important for preventing ERAD substrates from forming mild detergent-insoluble aggregates. Using a model ERAD substrate, RTAΔm, ENGase was shown to act on misfolded glycoproteins in MEF cells lacking Ngly1, resulting in the generation of aggregation-prone N-GlcNAcmodified proteins. Moreover, aggregates containing N-GlcNAcmodified proteins were found to be significantly stabilized in Ngly1 −/− MEF cells. Our results clearly indicate the functional importance of Ngly1 in the ERAD process and further indicate a detrimental effect of ENGase, especially in the absence of Ngly1, on proper glycoprotein ERAD (Fig. 6) . It should also be noted that, according to our current findings, to unequivocally confirm the action of Ngly1 on ERAD substrates in vivo, detecting deglycosylation by SDS/PAGE is not sufficient, and the introduction of negative charge(s) into the core peptide (i.e., the conversion of glycosylated Asn to Asp) should be independently confirmed, using methods such as isoelectoric focusing (15, 26) .
To date, the direct action of cytoplasmic ENGase on glycoproteins has not been unequivocally demonstrated in mammalian cells. However, there is experimental evidence showing the intracellular occurrence of N-GlcNAc proteins (i.e., potential cytoplasmic ENGase reaction products) in murine synapses (38) (39) (40) . It was also clearly shown that at least some of the N-GlcNAc proteins are formed by the cytoplasmic ENGase activity in plants (20) . These results indicate that formation of N-GlcNAc proteins by ENGase may not be a rare event in cells. We therefore speculate that the action of ENGase may only be detrimental to a subset of glycoprotein ERAD substrates, especially in cells lacking Ngly1, thereby causing the formation of stable N-GlcNAc proteins.
A recent study has shown that the innermost GlcNAc on N-glycans may contribute to glycoprotein stability by forming stabilizing interactions between the GlcNAc and carrier proteins (41) . Therefore, one can speculate that N-GlcNAc proteins may somehow affect the tertiary structure surrounding the glycosylation region and may lead to inefficient degradation by the proteasome. On the other hand, our study clearly showed that the tendency to be recovered in an RIF is a general feature of nonglycosylated or deglycosylated RTAΔm, compared with the N-glycosylated form (Fig. 4A) . This phenomenon may reflect the fact that, at least for RTAΔm, attachment of a hydrophilic N-glycan may be critical in maintaining the solubility of the carrier protein. Consistent with this hypothesis, it is of interest to note that RTAΔm degradation in Ngly1 −/− Engase −/− DKO MEF cells is as efficient as in WT, whereas its degradation remains to be proteasome dependent. These observations further support the idea that, at least for RTAΔm, the efficiency of proteasomal degradation seems to be normal for N-glycan-containing proteins (which probably retain their solubility), even in the absence of Ngly1.
In Engase −/− MEF cells, it was found that minimal aggregate formation is observed for the g0 form of RTAΔm (most likely the product of Ngly1). These results imply that, under physiological conditions, Ngly1-mediated deglycosylation and proteasomal degradation may be tightly coupled, so that the deglycosylated proteins undergo proteolytic degradation without forming aggregates. However, once this regulation is lost in Ngly1 −/− MEF cells, detrimental aggregates may form. It should also be noted that, except in Ngly1 −/− MEF cells, RIPA-insoluble RTAΔm does not seem to accumulate over time during cycloheximide-decay experiments, implying that cells can somehow manage the aggregation-prone g0 forms, except the N-GlcNAc RTAΔm formed by the action of ENGase. The proportion of the RIPA-insoluble RTAΔm g0 form seems to be considerably higher in WT MEF cells in comparison with Engase −/− MEF cells (Fig. 4 A and B) , suggesting that ENGasecatalyzed deglycosylation may occur in WT MEF cells. However, this does not cause a delay in RTAΔm degradation (Fig. 2 C and  D) , indicating that ENGase activity did not affect the overall efficiency of glycoprotein ERAD in WT MEF cells. It is therefore conceivable that the effect of ENGase toward glycoprotein ERAD substrates is somehow more pronounced in the absence of Ngly1.
Although Png1 mutants in budding yeast (9) or in plants (42) did not show any significant phenotypic consequences, more recent studies suggests that PNGase orthologs may play important physiological roles in other eukaryotes (43) (44) (45) (46) . Recent exome analysis studies have identified human patients with mutations in the NGLY1 gene (24, 25) . These patients exhibited multiple symptoms that include developmental delay, multifocal epilepsy, involuntary movement, abnormal liver function, and absent tears. Currently it is unclear how this observation correlates with our current finding (i.e., compromised degradation of RTAΔm caused by the RIPA-insoluble aggregates in Ngly1 −/− MEF cells). However, if the formation/aggregation of N-GlcNAc proteins could somehow be related to the various symptoms in NGLY1 patients, it is tempting to speculate that inhibition of ENGase activity may serve as a therapeutic target for patients carrying mutations in the NGLY1 gene.
Materials and Methods
Preparation of MEFs. Details on the generation of Ngly1 −/− and Engase −/− knockout mice are described in Fig. S7 . MEF cells were established from fetuses of the Ngly1 −/+ Engase −/+ mice with a C57BL/6 congenic background (>96% isogenic for all MEF cells used), for which experimental details are described in SI Materials and Methods and Table S1 .
Cell Cultures. MEF cells were cultured in Dulbecco's modified Eagle's medium (Nacalai Tesque Co.) supplemented with 10% FBS and antibiotics (100 U/mL penicillin G, 100 ng/mL streptomycin; Nacalai Tesque Co.) at 37°C in humidified air containing 5% (vol/vol) CO 2 .
Plasmid Transfection. Detailed methods for plasmid construction are described in SI Materials and Methods. Cells were transfected with plasmids using FuGENE HD transfection reagent (Roche Applied Sciences) according 
